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Nonlinear perturbations of dual semigroups
( )
1
(DE) $u’(t)=(A+B)u(t)$ , $t>0$
nild solution’‘ . $A$ Banach $X$
$\equiv\{T(t)\}$ $(C_{0})$- . $X$
$B$ $A+B$ $X$ $(C_{0})$- $S(t)$ ,
$\zeta$variation-of-constants formula’
(1.1) $S(t)x=T(t)x+ \int_{0}^{t}T(t-s)BS(s)xds$ , $x\in X$
. $X$ Bochner
. [1] $X$ $(C_{0})$- $\mathfrak{T}$ - , $A$
$B$ $X$ $X$ $\mathfrak{T}$ $X^{-*}$
. , $\mathfrak{T}$ $X^{-*}$ o* , Bochner
$X^{-*}$ Gel’fand $X^{-*}$ variation-
of-constants formula . $X^{--}=X$ , ) $X$
. $S(t)$ $X$ $(C_{0})-$
.
, $B$ , $X$ $X^{-*}$ ,
$X^{-*}$ $A^{-*}+B$ $X$
. , $X$ $X^{-*}$ , $A$ $X$
$X^{-*}$ $B$ $A^{-*}+B$ ,
$X$ .
Cl\’ement- - -Pagter [2] .
2.
(X, $|\cdot|$ ) ( ) Banach . $x*$ $X$ . $x\in X$ ,
$f\in x*$ , $f$ $x$ \langle $x,$ $f$} . $\mathfrak{T}=\{T(t) : t\geq 0\}$
$A$ $X$ . $\mathfrak{T}^{*}=\{T^{*}(t):t\geq 0\}$ $T(t)$
$T^{*}(t)$ , $A^{*}$ $A$ .
. Hille-Phillips [3] .




(ii) $A^{*}$ $T^{*}(t)$ ,
$x^{*}\in D(A^{*})\Leftrightarrow$ $1 i\ln\frac{T^{*}(t)x^{*}-x^{*}}{t}t\downarrow 0$ .
$A^{*}x^{*}=(w^{*})- \lim_{t\downarrow 0}\frac{T^{*}(t)x^{*}-x^{*}}{t}$ .
(iii) $x^{*}\in D(A^{*})$ , $T^{*}(t)x^{*}\in D(A^{*}),$ $t\geq 0$
$A^{*}T^{*}(t)x^{*}=T^{*}(t)A^{*}x^{*}$ .
2.1(iii) $u^{*}(t)=T^{*}(t)x^{*}$
$\sigma(X^{*}, X)-\frac{d}{dt}u^{*}(t)=A^{*}u^{*}(t)$ , $u^{*}(0)=x^{*}\in D(A^{*})$ ,
. .
$X$ , $X^{*}$ $T^{*}(t)$ .
2.1(i) $T^{*}(t)$ .
2.2. $X^{-}\equiv$ $\{x^{*}\in X^{*} : \lim_{t\downarrow 0}|T^{*}(t)x^{*}-x^{*}|=0\}$
$X^{-}$ $T^{*}(t)$ , $X^{-}$
. $T^{-}(t)$ $T^{*}(t)$ $X^{-}$ , $T^{-}(t)$ $X^{-}$ .
$A^{-}$ - $=\{T^{-}(t) : t\geq 0\}$ . $X^{--},$ $T^{--}(t)$
. $X$ $X^{*}=X^{-}$ .
2.3 (Phillips). (i) $X^{-}=\overline{D(A^{*})}$.
(ii) $A^{-}$ $A^{*}$ $X^{-}$ , ,
$D(A^{})=\{x^{*}\in D(A^{*}) : A^{*}x^{*}\in X^{}\}$ ; $A^{}x^{*}=A^{*}x^{*},$ $x^{*}\in D(A^{})$ .
(iii) $\overline{D(A^{})}(x^{s},x)=X^{*}$ .
(iv) $||x||= \sup\{|\{x, x^{*}\}| :x^{*}\in X^{-}, |x^{*}|\leq 1\}$ , $x\in X$ , $||\cdot||$ $X$
$|\cdot|$ . , $M= \lim_{\lambdaarrow}\inf_{\infty}\Vert\lambda R(\lambda, A)||$ ,
$||x||\leq|x|\leq M||x||,$ $x\in X$
.




2.3.(iv) $=\{T(t) : t\geq 0\}$ $|\cdot|=||\cdot||$ .
$A^{-*}$ - $=\{T^{-}(t) : t\geq 0\}$ . $X$ $x*$
, $X^{-}$ , $X^{-*}$
. , { $x_{1}-x_{2},$ $x^{-}\rangle$ $=0,$ $x^{-}\in X^{-}$ $X^{-}$ $x*$ $x_{1}=x_{2}$
$j_{-}$ : $Xarrow X^{-*}$ $\{j_{-}(x), x^{-}\}$ , $||j_{-}(x)||=\Vert x||$
$X$ $X^{-*}$ . $\mathfrak{T}$ nonexpansive
.
$X^{}= \{x^{*}\in X^{*} : \lim_{t\downarrow 0}||T^{*}(t)x^{*}-x^{*}||=0\}$
, $X\subset X^{--}$ .
2.4. $X=X^{--}$ $X$ $=\{T(t) : t\geq 0\}$ -
.
2.5 (Phillips). Banach $X$ $(C_{0})$- $\mathfrak{T}$ -
, $A$ ( ) $\lambda\in\rho(A)$ resolvent
$R(\lambda, A)=(\lambda I-A)^{-1}$ $\sigma(X, X^{-})$- .
2.6 (Phillips). Banach $X$ $(C_{0})$- $\mathfrak{T}$ -
$J$
$X^{-}$ $\mathfrak{T}^{-}$ - .
Pagter [10] 2.5 .
2.7 (Pagter). Banach $X$ $(C_{0})$- -
( ) $\lambda\in\rho(A)$ $R(\lambda, A)$ .
2.8. $v(\cdot)$ $v(O)=0$ $[0, \infty$ ) $D(A^{-*})$ - ( )
. :
1. $f\in X^{-}$ ,
$(*)$ \langle $v(\cdot),$ $f$ } $\in C^{1}[0, \infty$ ) $\frac{d}{dt}\{v(t), f\}=\langle A^{-*}v(t),$ $f$}
2. $f\in D(A^{-})$ $(*)$ .
3. $v\equiv 0$ .
$\hat{3}$
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[ ] (2) $\Rightarrow(3)$ . $f\in D(A^{-})$
$\{\frac{T^{*}(h+s)v(t-s-h)-T^{*}(s)v(t-s)}{h},$ $f\}$




$arrow^{h\downarrow 0}$ $\{T^{*}(s)v(t-s), A^{}f\}+\{-A^{*}v(t-s),$ $T^{}(s)f\rangle$




$\frac{\partial}{\partial s}\{T^{*}(s)v(t-s), f\}=0$ for $0\leq s\leq t$ .
, $t\geq 0$ ,
$\langle v(t), f\rangle$ $=$ {$T^{*}(0)v(t)-T^{*}(t)v(0),$ $f\rangle$
$=$ $- \int_{0}^{t}\frac{\partial}{\partial s}\langle T^{*}(s)v(t-s), f\rangle ds$
$=$ $0$ .
, $\{v(t), f\}=0,$ $\forall f\in D(A^{-})$ . $\overline{D(A-)}=X^{-}$ $v(t)\equiv 0$ . $\blacksquare$
2.9 (see [9], p.598, Lenma 2.3). $x\in X$ $f\in D(\lrcorner 4^{*})$ ,
\langle $T(\cdot)x,$ $f$ } $\in C^{1}[0, \infty$ ) :
$\{T(\cdot)x, f\}\in C^{1}[0, \infty)$ $\frac{d}{dt}\{T(t)x, f\}=\{T(t)x, A^{*}f\}$ .
, Banach Bochner
. (X, $|\cdot|$ ) Banach . $[a, b]$
$f$ : $[a, b]arrow x*$ $x\in X$ $\{x, f\}\in L^{1}[a, b]$
$f$ Gel’fand . $f$ $T_{f}(x)=\{x, f\},$ $x\in X$
$+$
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$T_{f}$ : $Xarrow L^{1}[a, b]$ . $\ovalbox{\tt\small REJECT}$
. $E$ ,
$\langle x,$ $\nu(E)$ } $= \int_{E}\langle x,$ $f(s)$ } $ds$ , $x\in X$ ,
$\nu(E)\in x*$ . , $\nu(E)$ .
$\nu(E)=(G)-\int_{E}f(s)ds$ , $\nu(E)$ $E$ ( $f$ ) Gel’fand .
$f$ : $[0, \infty$ ) $arrow x*$ , $f$ $[a, b]\subset[0, \infty$ )
Gel’fand .
.
210 ([1]). $f$ : $[0, \infty$ ) $arrow X^{-*}$ ,
$t- \succ(G)-\int_{0}^{t}T^{*}(t-s)f(s)ds$
$X^{--}$- .
(X, 1 . $|$ ) Banach , $A$ $X$ $(C_{0})$- $\mathfrak{T}=\{T(t) :t\geq 0\}$
. $C$ $X$ , $B$ $C$ $X^{-*}$ .
$D(A)\cap C\neq\emptyset$ , $A+B$ $D(A+B)=D(A)\cap C$ $X$ $X^{-*}$
. $D(A)\cap C$ ,
$A,$ $B$ $A+B$ .
(DE) :
(2.1) $u’(t)=(A+B)u(t)$ , $t>0$ ; $u(O)=x\in C$.
(2.1) . (2.1)
. .
2.11. $[0, \infty$ ) $X$- $u(\cdot)$ (2.1) O-mild solution ,
$u(t)\in C,$ $t\geq 0$ , $Bu(\cdot)$ $[0, \infty$ ) $X^{-*}$ - , ,
(2.2) $u(t)=T(t)x+(G)- \int_{0}^{t}T^{-*}(t-s)Bu(s)ds$ , $t\geq 0$ .
.
2.12. $[0, \infty$ ) X- $u(\cdot)$ (2.1) -weak solution ,
$u(0)=x,$ $u(t)\in C,$ $t\geq 0;Bu(\cdot)$ $[0, \infty$ ) ; $f\in D(A^{-})$ ,
\langle $u(\cdot),$ $f$} $\in C^{1}[0, \infty$ );




213. $x\in C$ $u(\cdot)$ $u(O)=x$ $[0, \infty$ ) $X$- .
$u($ . $)$ (2.1) O-mild solution (2.1) -weak solution
.
[ ] $u($ . $)$ (2.1) O-mild solution , $f\in D(A^{-})$ ,
$\{u(t), f\}=\{T(t)x,$ $f\rangle$ $+ \int_{0}^{t}\{T^{*}(t-s)Bu(s), f\}ds$ , $t\geq 0$ .
$Bu(\cdot)$ $[0, \infty$ ) , 29 , $f\in D(A^{-})$ , $\{u(\cdot), f\}\in$
$C^{1}[0, \infty)$ , $t\geq 0$ ,
(2.4) $\frac{d}{dt}\{u(t), f\}$ $=$ $\frac{d}{dt}\{u(t), f\}+\frac{d}{dt}\int_{0}^{t}\{T^{*}(t-s)Bu(s), f\}ds$
$=$ $\langle T(t)x, A^{}f\rangle+\lim_{harrow 0+}\int_{0}^{t}\{T^{*}(t-s)Bu(s),$ $\frac{T^{}(h)f-f}{h}\}ds$
$+ \lim_{harrow 0+}\frac{1}{h}\int_{\ell}^{t+h}\langle T^{*}(t+h-s)Bu(s),$ $f$ } $ds$
$=$ $\{T(t)x, A^{}f\}+\int_{0}^{t}\langle T^{*}(t-s)Bu(s), A^{}f\rangle ds+\langle Bu(s), f\rangle$
$=$ { $u(t),$ $A^{}f\rangle$ $+\langle Bu(t), f\rangle$ .
$u(\cdot)$ (2.1) -weak solution . $u(\cdot)$ (2.1)
-weak solution .
$\overline{u}(t)=T(t)x+(G)-\int_{0}^{t}T^{-*}(t-s)Bu(s)ds$ , $t\geq 0$
, 210 $\overline{u}(\cdot)$ $X^{--}$ - , (2.4) ,
$f\in D(A^{-})$ ,
$\frac{d}{dt}\{\overline{u}(t), f\}=\{\overline{u}(t), A^{}f\}+\{Bu(t), f\}$, $t\geq 0$ .
,
$\frac{d}{dt}\{\overline{u}(t)-u(t),$ $f\rangle$ $=\{\overline{u}(t)-u(t), A^{-}f\}$ , $t\geq 0,$ $f\in D(A^{-})$ .
$z(t)=\overline{u}(t)-u(t))t\geq 0$ . $z(O)=0$ , $\{z(t), f\}=\{\int_{0}^{t}z(s)ds, A^{-}f\},$ $\forall t\geq 0,$ $\forall f\in$
$D(A^{-})$ . $v(t)= \int_{0}^{t}z(s)ds$ $v(t)\in D(A^{-*})$ $z(t)=A^{-*} \int_{0}^{t}z(s)ds=$
$A^{-*}v(t)$ . $f\in D(A^{-*})$ ,
$\frac{d}{dt}\{v(t),$ $f\rangle$ $=\{z(t),$ $f\rangle$ $=\{A^{*}v(t),$ $f\rangle$ .
6
144
28 $v\equiv 0$ on $[0, \infty$). , $\overline{u}(t)=u(t)$ on $[0, \infty$). $u(\cdot)$ (2.1)
O-mild solution . $\blacksquare$
3. $(C_{0})$-
$A$ $X$ $(C_{0})$- $\{T(t) : t\geq 0\}$ .
$x\in C$ (2.1) $[0, \infty$ ) O-mild solution
(3.1) $S(t)x=u(t;x)$ , $t\geq 0$ , $x\in C$
, $X$ $\{S(t) : t\geq 0\}$ . $S(t)$ $C$
. , 2 :
$(S1)$ $x\in C$ $S(0)x=x,$ $S(t+s)x=S(t)S(s)x,$ $s,$ $t\geq 0$ .
$(S2)$ $x\in C$ , $X$- $S(\cdot)x$ $[0, \infty$ ) .
(S1) (S2) $C$ $\{S(t) : t\geq 0\}$
$C$ . , $C$ (3.1) (DE) -mild solution
, (DE) $C$ .
$\{S(t) : t\geq 0\}$ (DE) $C$ . ,
(3.2) $S(t)x=T(t)x+(G)- \int_{0}^{t}T^{*}$ ( $t$ –s)BS(s)xds, $t\geq 0$ , $x\in C$ .
3.1. $\{S(t) : t\geq 0\}$ $x\in C$ $BS(\cdot)x$ $[0, \infty$ )
$C$ . :
(i) $S(t)x=T(t)x+(G)- \int_{0}^{t}T^{*}$ ( $t$ –s)BS(s)xds, $t\geq 0$ , $x\in C$ .
(ii) $\sigma(X^{*}, X^{})-\lim_{h\downarrow 0}h^{-1}(S(h)x-T(h)x)=Bx$ , $x\in C$ .
(iii) $h_{\downarrow}m_{0}\{h^{-1}(S(h)x-x), f\}=\{x, A^{}f\}+\{Bx, f\}$ , $x\in C$ , $f\in D(A^{})$ .
(iv) $\frac{d}{dt}\{S(t)x, f\}=\{S(t)x, A^{}f\}+\{BS(t)x,$ $f\rangle$ , $t\geq 0$ , $x\in C$ , $f\in D(A^{})$ .
$( v)\int_{0}^{t}S(s)xds\in D(A^{*})$ and
$S(t)x=x+A^{*} \int_{0}^{t}S(s)xds+\int_{0}^{t}BS(s)xds$, $t>0$ , $x\in C$ .
$\iota_{7}$
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[ ] $(i)\Rightarrow(ii)$ . (ii) . $x\in C,$ $f\in D(A^{-*})$
. $h>0$ ,
$\{h^{-1}(S(h)x-x),$ $f\rangle$ $=$ $\{h^{-1}(S(h)x-T(h)x),$ $f\}+\{h^{-1}(S(h)xT(h)x),$ $f\}$
$=$ $\langle h^{-1}(S(h)x-T(h)x),$ $f \rangle+\{h^{-1}\int_{0}^{h}T(s)xds,$ $A^{*}f\}$ .
. (ii) , $h\downarrow 0$ (iii) . (iii)
, semigroup property ,
$\frac{d^{+}}{dt}\{S(t)x, f\}=\{S(t)x,$ $A^{}f\}+\{BS(t)x, f\}$ , $t\geq 0$ , $x\in C$, $f\in D(A^{})$
. $\{S(\cdot)x, f\}$ . $t\geq 0$
, $\{S(\cdot)x, f\}\in C^{1}[0, \infty)$ , . (iv)
. (iv) . (iv) $t\geq 0,$ $x\in C$ ,
$\{\int_{0}^{t}S(s)xds,$ $A^{}f \}=\{S(t)x-x-\int_{0}^{t}BS(s)xds,$ $f\}$ , $f\in D(A^{})$ .
. $\int^{t}S(s)xds\in D(A^{-*})$
$A^{*} \int_{0}^{t}S(s)xds=S(t)x-x-\int_{0}^{t}BS(s)xds$ .
(v) . $(v)\Rightarrow(iv)$ . $(iv)\Leftrightarrow(i)$ 2.13 . $\blacksquare$
4. $(C_{0})$-
$X$ , $y\in X$ , $F(y)=\{f\in$
$x*$ : $\{y, f\}=|y|^{2}=|f|^{2}\}$ . $x,$ $y\in X$ ,
$\{x, y\}_{i}=\inf\{\{x, f\} : f\in F(y)\}$ ;
$\langle x, y\rangle_{s}=\sup\{\langle x, f\rangle : f\in F(y)\}$ .
. - $X^{-}$ $X^{-*}$ $F^{-},$ $F^{-*}$
$F^{}(x^{})=\{f\in X^{*}$ : $\{x^{}, f\rangle=\Vert x^{}\Vert=||f||\}$ , $x^{}\in X^{}$ ;
$F^{*}(x^{*})=\{f\in X^{**} : \{x^{*}, f\}=\Vert x^{*}||=||f||\}$, $x^{*}\in X^{*}$ .
[9] , 1 $6^{-*}(C, p)$ .
$A$ $X$ $(C_{0})$ - $=\{T(t) : t\geq 0\}$ . $B$ $X$




(H1) $C\subset D(p)=\{x\in X : p(x)<\infty\}$ $\alpha>0$ , $C$
$C_{\alpha}=\{x\in C:p(x)\leq\alpha\}$ , $B$ $C_{\alpha}$ .
(H2) $\alpha>0$ , $A^{-*}+B$ $D(A^{-*})\cap C_{\alpha}$ $X^{-*}$
. , $\omega_{\alpha}\in \mathbb{R}$ , $x,$ $y\in D(A^{-*})\cap C_{\alpha}$ ,
$\{(A^{*}+B)x-(A^{*}+B)y,$ $x-y\rangle_{i}\leq\omega_{\alpha}||x-y||^{2}$
.
$A+B$ $6^{0*}(C, p)$ . ,
2.3(iv) (H2) $(H’2)$ .
$(H’2)$ $\alpha>0$ , $A^{-*}+B$ $D(A^{-*})\cap C_{\alpha}$ $X^{-*}$
. , $\omega_{\alpha}\in \mathbb{R}$ , $x,$ $y\in D(A^{-*})\cap C_{\alpha}$ ,
$\langle(A^{*}+B)x-(A^{*}+B)y,$ $x-y\}_{i}\leq\omega_{\alpha}|x-y|^{2}$
.
(H2) $(H’2)$ $\omega$ . $A^{-*}+B$
(H2) , -mild solution .
(2.1) O-mild solution -mild solution growth order
. , $p(u$ (.) $)$ -mild solution $u(\cdot)$
.
$g$ : $[0, \infty$ ) $arrow[0, \infty$ ) . $\alpha\geq 0$
(4.1) $w’(t)=g(w(t))$ , $t>0$ ; $w(0)=\alpha$
$[0, \infty$ ) $m(t;\alpha)$ . $g$
(4.2) $p(u(t))\leq m(t;p(x))$ , $t\geq 0$
(2.1) O-mild solution .
(4.2) (2.1) O-mild solution $u(\cdot)$ $C_{\alpha}$
.
(Martin, Oharu and Takahashi [8]). $A+B\in 6^{-*}(C, p)$ . $x\in C$
(4.2) (2.1) -mild solution .
2.13 .
. $ $A+B\in 6^{-*}(C,p)$ . $x\in C$ (4.2)





(5.1) $S(t)x=T(t)x+(G)- \int_{0}^{t}T^{*}(t-s)BS(s)xds$ , for $t\geq 0,$ $x\in C$ ,
(5.2) $p(S(t)x)\leq m(t;p(x))$ for $t\geq 0,$ $x\in C$ .
$C$ $\{S(t) : t\geq 0_{-}\}$ .
(5.1) (5.2) $C$ $\{S(t) : t\geq 0\}$
Lipschitz .
. $A+B\in 6^{-*}(C, p)$ . $\{S(t) : t\geq 0\}$ (5.1), (5.2) $C$
. $\alpha>0$ $\tau>0$ $\beta=\beta(\alpha, \tau)$ ,
(5.3) $||S(t)x-S(t)y\Vert\leq e^{\omega\rho t}||x-y||$ for $t\in[0, \tau],$ $x,$ $y\in C_{\alpha}$ .
$x\in C$ , $[0, \infty$ ) $S(\cdot)x$ (5.2) (2.1) O-mild
solution .
.
$A+B\in 6^{-*}(C,p)$ , .
(R) $x\in C$ , $(h_{n})$ $D(A^{-*})\cap C$ $(x_{n})$
:
(R1) $\lim_{narrow\infty}h_{n}^{-1}||x_{n}-h_{n}(A^{*}+B)x_{n}-x||=0$ ,
(R2) lim $suph_{n}^{-1}[p(x_{n})-p(x)]\leq g(p(x))$ .
$narrow\infty$
(54) $u’(t)=(A+B(t))u(t)$ , $t\geq 0$
.
5.2. (R) - , (5.1), (5.2) $C$
$\{S(t) : t\geq 0\}$ .
[ ] , $\tau>0$ $z\in C$ , 3
$[0, \tau]$ $X$- $u(\cdot)$ :
(5.5) $u(t)\in C$, $t\in[0, \tau]$ ,
10
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(5.6) $u(t)=T(t)z+(G)- \int_{0}^{t}T^{*}(t-s)Bu(s)ds$ , $t\in[0, \tau]$ ,
(5.7) $p(u(t))\leq m(t;p(z))$ , $t\in f^{0,\tau]}$
$\tau>0,$ $z\in C$ . $\eta\in(0, \zeta$] ,
$w’(t)=g(w(t))+\eta$ , $t>0$ ; $w(0)=p(z)$
$[0, \tau]$ $m^{\eta}(t;p(z))$ , $\eta\downarrow 0$ $m^{\eta}(t;p(z))\downarrow m(t;p(z))([0, \tau]$
) $\zeta\equiv\zeta(\tau, p(z))>0$ ([7] 13.1 ).
$\eta\in(0, \zeta]$ ,
$u^{\eta}(t)=T(t)z+(G)- \int_{0}^{t}T^{-*}(t-s)Bu^{\eta}(s)ds$ , $t\in[0, \tau]$ ,
$p(u^{\eta}(t))\leq m^{\eta}(t;p(z))$ , $t\in[0, \tau]$
$[0, \tau]$ $X$- $u^{\eta}(\cdot)$ . $\alpha=m^{\eta}(\tau,\cdot p(z))$
, $\omega_{\alpha}$ (H2) . $t\in[0, \tau]$
$\mathcal{D}^{\eta}(t)\equiv\{x\in C : p(x)\leq m^{\eta}(t;p(z))\}$
. $B^{\eta}(t)$ : $\mathcal{D}^{\eta}(t)arrow X$
$B^{\eta}(t)x=Bx$ , $x\in D^{\eta}(t)$
. :
(i) $D^{\eta}(t)$ , $0\leq s\leq t\leq\tau$ , $D^{\eta}(s)\subseteq \mathcal{D}^{\eta}(t)$ .
(H2) $D(A^{-*}+B^{\eta}(t))=D(A^{-*})\cap \mathcal{D}^{\eta}(t)$ $A^{-*}+B^{\eta}(t)$
(ii) :
$(\ddot{u})$ $s,$ $t\in[0, \tau],$ $x\in D(A^{-*}+B^{\eta}(s)),$ $y\in D(A^{-*}+B^{\eta}(t))$ ,
$\{(A^{*}+B^{\eta}(s))x-(A^{*}+B^{\eta}(t))y, x-y\}_{i}\leq\omega_{\alpha}||x-y||^{2}$ .
$t\in[0, \tau),$ $x\in D^{\eta}(t)$ , (R) (R1), (R2) $(h_{n}),$ $(x_{n})$
. $g$ (R2) , $n$ ,
$p(x_{n})$ $\leq$ $p(x)+h_{n}[g(p(x))+ \frac{\eta}{2}]$
$=$ $p(x)+ \int_{0}^{h_{n}}g(m^{\eta}(s;p(x))ds$
$+ \int_{0}^{h_{n}}[g(p(x))-g(m^{\eta}(s;p(x))+\frac{\eta}{2}]ds$
$\leq$ $m^{\eta}(h_{n}; p(x))$ .
$|)$
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. $p(x)\leq m^{\eta}(t;p(z))$ $n$ ,
(58) $p(x_{n})\leq m^{\eta}(h_{n};m^{\eta}(t;p(z)))\leq m^{\eta}(t+h_{n};p(z))$
. (R2) ,
(\"ui) $\lim_{0}\inf h^{-1}d(x, R(I-h(A^{*}+B^{\eta}(t+h)))=0,$ $t\in[0, \tau$ ), $x\in D^{\eta}(t)$ .
(i), (ii), (iii) Kobayasi [5] Pavel [11] (W)
:
(W) $(w_{1}),$ $(w_{2}),$ $(w_{3})$ $[0, \tau]$ $(\triangle_{n}^{\eta}),$ $(0, \tau$] $X^{-*}$-
$(\epsilon_{n}^{\eta}(\cdot))$ , $[0, \tau$ ) $X$- $(u_{n}^{\eta}(\cdot))$ :
$(w_{1})$ $n\geq 1$ ,
$\triangle_{n}^{\eta}=\{0=t_{n,1}^{\eta}<t_{n,2}^{\eta}<.$ . $<t_{n,N(n)}^{\eta}\leq\tau\}$
$\epsilon_{n}^{\eta}(t)=\epsilon_{n,k}^{\eta},$ $t\in(t_{n,k-1}^{\eta}, t_{n,k}^{\eta}$ ]
$,$
$1\leq k\leq N(n)$ ,
$u_{n}^{\eta}(0)=x_{n,0}^{\eta}=z,$ $u_{n}^{\eta}(t)=x_{n,k}^{\eta},$ $t\in(t_{n,k-1}^{\eta}, t_{n,k}^{\eta}$ ]
$,$
$1\leq k\leq N(n)$ ;
$(t_{n,k}^{\eta}-t_{n,k-1}^{\eta})^{-1}(x_{n,k}^{\eta}-x_{n,k-1}^{\eta})-\epsilon_{n,k}^{\eta}=(A^{*}+B^{\eta}(t_{n,k}^{\eta}))x_{n,k}^{\eta}$ , $1\leq k\leq N(n)$ ;
$(w_{2})$ $\lim_{narrow\infty}\max(t_{n,k}^{\eta}-t_{n,k-1}^{\eta})1\leq k\leq N(n)=0,\lim_{narrow\infty}t_{n,N(n)}^{\eta}=\tau,\lim_{narrow\infty}\int_{0}^{\tau}||\epsilon_{n}^{\eta}(t)||dt=0$ ;
(W3) $u_{n}^{\eta}(t)$ $[0, \tau]$ $X$- $u^{\eta}(t)$ .
$u^{\eta}(\cdot)$ (W3) .
$u^{\eta}(t)\in\overline{D(A^{*})\cap D^{\eta}(t)}\subseteq \mathcal{D}^{\eta}(t),$ $t\in[0, \tau]$ .
$\eta\in(0, \zeta$] ,
$p(u^{\eta}(t))\leq m^{\eta}(t;p(z))\leq m^{(}(t;p(z))$ , $t\in[0, \tau]$
. $u^{\eta}\equiv u^{\zeta}$ ( $=u$ ), $\eta\in(0, ($] . $p(u(t))\leq$
$m^{\eta}(t;p(z)),$ $t\in[0, \tau]$ . $\eta\downarrow 0$ (5.7) .
, $u(\cdot)$ (5.6) . $f\in D(A^{-})$ .
$(w_{1})$ $n\geq 1$ $1\leq k\leq N(n)$ ,
$\{x_{n,k}^{\eta}, f\rangle=\{x_{n,k-1}^{\eta}, f\rangle+(t_{n,k}^{\eta}-t_{n,k-1}^{\eta})[\langle x_{n,k}^{\eta}, A^{}f\rangle+\langle Bx_{n,k}^{\eta}, f\}+\langle\epsilon_{n,k}^{\eta}, f\}]$
$t\in(t_{n,k-1}^{\eta}, t_{n,k}^{\eta}$ ], $n\geq 1,1\leq k\leq N(n)$
$\{u_{n}^{\eta}(t))f\}=\{z, f\}+\int_{0}^{t_{n,k}^{\eta}}[\{u_{n}^{\eta}(s), A^{}f\}+\{Bu_{n}^{\eta}(s), f\rangle+\langle\epsilon_{n}^{\eta}(s), f\}]ds$
/
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. $t\in[0, \tau]$ , $narrow\infty$ $t_{n,k}^{\eta}arrow t$ $t_{n,k}^{\eta}$ ,
$t\in[0, \tau]$
$\{u^{\eta}(t),$ $f\rangle$ $= \langle z, f\rangle+\int_{0}^{t}[\{u^{\eta}(s), A^{}f\rangle+\{Bu^{\eta}(s), f\}]ds$ .
2.13 $u^{\eta}(\cdot)$ (5.6) . $u(\cdot)$ (5.6)
. $\blacksquare$
6. $(C_{0})$-
$A+B\in 6^{-*}(C, p)$ (5.1), (5.2) $C$
$\{S(t) : t\geq 0\}$ .
$A+B\in 6^{-*}(C, p)$ $\{S(t) : t\geq 0\}$ (5.1), (5.2) $C$
. $h>0,$ $\tau>0$ , $J_{h,\tau}$ : $Carrow X$ :
(6.1) $J_{h,\tau}x=(a_{h,\tau})^{-1} \int_{0}^{\tau}e^{-t/h}S(t)xdt$ , $x\in C$ .
$a_{h,\tau}= \int_{0}^{\tau}e^{-t/h}dt=h(1-e^{\tau/h})$
. .
(6.1) $S(\cdot)x$ Laplace . $J_{h,\tau}$ $A^{-*}+B$
, $I-\lambda(A^{-*}+B),$ $\lambda>0$ .
6.1. $A+B$ $6^{0*}(C, p)$ , $\{S(t):t\geq 0\}$ (5.1)
(5.2) $C$ . , $J_{h,\tau}$ 5 :
(i) $h>0,$ $\tau>0,$ $x\in C$ , $J_{h,\tau}x\in D(A^{-*})\cap C$
$(I-hA^{*})J_{h,\tau}x=x+h(a_{h,\tau})^{-1} \int_{0}^{\tau}e^{-t/h}BS(t)xdt-he^{-\tau/h}(a_{h,\tau})^{-1}(S(\tau)x-x)$ .
(ii) $\tau>0,$ $x\in C$ , $\lim_{h\downarrow 0}h^{-1}||(I-hA^{-*})J_{h,\tau}x-(x+hBx)||=0$ .
$(i\ddot{u})\tau>0,$ $x\in C$ , $\lim_{h\downarrow 0}||J_{h,\tau}x-x||=0$ .
(iv) $\tau>0,$ $x\in C$ , $\lim_{h\downarrow}\sup_{0}h^{-1}[p(J_{h,\tau}x)-p(x)]\leq g(p(x))$ .
(v) $\tau>0,$ $x\in C$ , $\lim_{h\downarrow 0}p(J_{h,\tau}x)=p(x)$ .
[ ] $h>0,$ $\tau>0$ $J_{h,\tau}$ (6.1) . $x\in C$
. $\alpha=m(\tau;p(x))$ , (5.2), (H1), $p$ $J_{h,\tau}x\in C_{\alpha}$ .
(i) 3.1(v) , $t>0$ , $\int_{0}^{t}S(s)xds\in D(A^{-*})$
13
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$A^{-*} \int_{0}^{t}S(s)xds=S(t)x-x-\int_{0}^{t}BS(s)xds$ . $(a_{h,\tau})^{-1}e^{-\frac{1}{h}}$
$(0, \tau$] $t$ , :
(6.2) $(a_{h,\tau})^{-1} \int_{0}^{\tau}[e^{-\frac{2}{h}}A^{*}\int_{0}^{t}S(s)xds]dt$
$=$ $(a_{h,\tau})^{-1} \int_{0}^{\tau}e^{-\frac{t}{h}}(S(t)x-x)dt-(a_{h,\tau})^{-1}\int_{0}^{\tau}[e^{-\frac{t}{h}}\int_{0}^{t}BS(s)xds]dt$


















$=$ $-Bx+(a_{h,\tau})^{-1} \int_{0}^{\tau}e^{-\frac{\tau}{h}}BS(t)x$ dt–e“ $\frac{2}{h}(a_{h,\tau})^{-1}(S(\tau)x-x)$ .
,














. (v) . $\blacksquare$
6.1 .
62. $A+B\in 6^{-*}(C, p)$ , $\{S(t) : t\geq 0\}$ (5.1) (5.2) $C$
(6.3) $\bigcup_{\alpha>0}D(A^{-*})\cap C_{\alpha}=C$ .
, $D(A^{-*})\cap C$ $C$ .
.
6.3. $A+B$ $6^{-*}(C, p)$ .
:
(I) 2 $C$ :
(I.a) $S(t)x=T(t)x+(G)- \int_{0}^{t}T^{-*}$ ( $t$ –s)BS(s)xds,
(I b) $p(S(t)x)\leq m(t;p(x))$ , $t\geq 0$ , $x\in C$ .
(II) $x\in C$ , $(h_{n})$ $D(A^{-*})\cap C$
$(x_{n})$ :
(II.a) $\lim_{narrow\infty}h_{n}^{-1}||(x_{n}-h_{n}A^{-*}x_{n})-(x+h_{n}Bx)||=0$.
(II.b) $\lim_{narrow}\sup_{\infty}h_{n}^{-1}[p(x_{n})-p(x)]\leq g(p(x))$ .
! $b^{-}$
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(III) $D(A^{-*})\cap C$ $C$ , $\alpha>0$ $\epsilon>0$ , $\lambda_{0}=$
$\lambda_{0}(\alpha, \epsilon)>0$ , $x\in C_{\alpha}$ $\lambda\in(0, \lambda_{0})$ ,
$x_{\lambda}\in D(A^{-*})\cap C$ :
(III.a) $x_{\lambda}-\lambda(A^{-*}+B)x_{\lambda}=x$ ,
(III.b) $p(x_{\lambda})\leq p(x)+\lambda[g(p(x))+\epsilon]$ .
[ ] (III) $\Rightarrow(II)$ . (III) , $x\in C$ (III.a), (III.b)





. , $\epsilon>0$ , $||x-y||\leq\epsilon$ $y\in D(A^{-*})\cap C$ .
$\alpha>0$ , $x,$ $y\in C_{\alpha}$ $x_{n}\in C_{\alpha}(\forall n)$ . $(A^{-*}+B)-\omega_{\alpha}I$





. $\omega_{\alpha}$ (H2) . , $\lim_{narrow}\sup_{\infty}||x_{n}-x||\leq$
$2||y-x||\leq 2\epsilon$ . $\epsilon>0$ (6.6) . (6.4)
$||(x_{n}-h_{n}A^{-*}x_{n})-(x+h_{n}Bx)||=h_{n}||Bx-Bx_{n}||$
$B$ , (II.a) . (II.b) (6.5) .
$(II)\Rightarrow(I)$ (II.a) , $\lim_{narrow\infty}||x_{n}-x||=0$ . ,
$z_{n}=h_{n}^{-1}[(x_{n}-h_{n}A^{*}x_{n})-(x+h_{n}Bx)]$
, $\lim_{narrow\infty}z_{n}=0$ . $n$ , (I-
$h_{n}A^{-*})^{-1}$ ,
$x_{n}-x=h_{n}(I-h_{n}A^{*})^{-1}z_{n}+(I-h_{n}A^{*})^{-1}x-x+h_{n}(I-h_{n}A^{*})^{-1}Bx$
, $\lim_{narrow\infty}||x_{n}-x||=0$ . , $B$ (R1)




(I) $\Rightarrow(III)$ ( $C,$ $p$ .) 6.2 $D(A^{-*})\cap C$ $C$
(III) . $\alpha>0,$ $\epsilon>0$ . ,
$\delta\in(0,1]$ ,




. $\overline{\omega}=\max\{0, \omega_{\alpha+1}\}$ , $\omega_{\alpha+1}$ (H2) . $x\in C_{\alpha}$ ,
$\lambda\in(0, \lambda_{0})$ .
(6.9) $\beta=p(x)+\lambda[g(p(x))+\epsilon]$
. (III.a) $x_{\lambda}\in D(A^{-*})\cap C_{\beta}$ . $\tau>0$ ,
$y\in C_{\beta}$ ,
$y_{h}=(1-h)J_{\lambda h,\tau}y+hJ_{\lambda h,\tau}x$ , $h\in(0,1$]
. $J_{\lambda h,\tau}$ (6.1) . , 6.1 ,
(6.10) $y_{h}\in D(A^{*})\cap C$ , $h\in(O, 1$ ] ; $y_{h}arrow y$ as $harrow 0+$ ,
(6.11) $||y_{h}-\lambda hA^{*}y_{h}-(y+\lambda hBy-hy+hx)||$
$\leq$ $(1-h)||J_{\lambda h,\tau}y-\lambda hA^{*}J_{\lambda h,\tau}y-(y+\lambda hBy)||$
$+h||J_{\lambda h,\tau}x-\lambda hA^{*}J_{\lambda h,\tau}x-(x+\lambda hBx)||+\lambda h^{2}||Bx-By||$
$=$ $\lambda o(h)+\lambda h^{2}||Bx-By||$ as $harrow 0+$ .
,
(6.12) $h\in(0,1$ ] $y_{h}\in C_{\beta}$
. $p(y)<\beta$ (6.12)
$\lim_{h\downarrow}\sup_{0}p(y_{h})\leq\lim_{h\downarrow}\sup_{0}[(1-h)p(J_{\lambda h,\tau}y)+hp(J_{\lambda h,\tau}x)]=p(y)$ .
. ( 6.1(v) .) $p(y)=\beta$ , 6.1
$h\in(0,1$ ] ,





(6.8), (6.9) $B^{a}\grave{b}p(y)=\beta\leq\alpha+\delta\leq\alpha+1B_{a’\supset}|p(y)-p(x)|\leq\delta$ . $\text{ _{ }}(6.7)\Delta;!9$
$g(p(y))\leq g(p(x))+\epsilon/2$ . $^{\wedge}$.
$(1-h)p(y)+h[p(x)+\lambda(g(p(x))+\epsilon)]=\beta$
, (6.13) (6.12) . $B_{\beta}$ $B$ $C_{\beta}$
. $+x$ $x$ . (6.10), (6.11), (6.12)
, $\lambda A^{-*}+\lambda B_{\beta}-I+x$ $6^{-*}(C_{\beta}, 0)^{\backslash }$
:
$\overline{D(A^{-*}+\lambda B_{\beta}-I+x)}=\overline{D(A^{-*})\cap C_{\beta}}=C_{\beta}$ ;
$\lim_{n\downarrow 0}h^{-1}d(y, R(Ii-h(\lambda A^{*}+\lambda B_{\beta}-I+x)))=0$, $\forall y\in C_{\beta}$ .
$t\circ$ 52 5.1 $C_{\beta}$ $\{S_{\lambda}(t) : t\geq 0\}$
:
(6.14) $S_{\lambda}(t)y=T( \lambda t)y+(G)-\int_{0}^{t}T^{*}(\lambda(t-s))[\lambda BS_{\lambda}(s)y-S_{\lambda}(s)y+x]ds$,
(6.15) $||S_{\lambda}(t)y-S_{\lambda}(t)z||\leq e^{(\lambda\overline{\omega}-1)t}||y-z||$ , $t\geq 0$ , $y\in C_{\beta}$ , $z\in C_{\beta}$
$\overline{\omega}=\max\{0, \omega_{\alpha+1}\}$ . $\lambda\overline{\omega}<1$ (6.15) $\{S_{\lambda}(t)\}$
. ,
(6.16) $S_{\lambda}(t)x_{\lambda}=x_{\lambda}$ , $\forall t\geq 0$
$x_{\lambda}\in C_{\beta}$ . $\lambda A^{-*}+\lambda B_{\beta}-I+x$ $\{S_{\lambda} : t\geq 0\}$
, (6.16) $x_{\lambda}\in D(A^{-*})\cap C_{\beta}$
$\lambda(A^{*}+B)x_{\lambda}-x_{\lambda}+x=0$ .
$x_{\lambda}$ (III.a) (III.b) . $x\in C_{\alpha},$ $\lambda\in(0, \lambda_{0})$
, (I) (III) . $\blacksquare$
. (H2) (III) , $\alpha>0$ $\epsilon>0$
, $\lambda_{0}=\lambda_{0}(\alpha, \epsilon)>0$ $\beta>0$ , $x\in C_{\alpha}$ $\omega_{\beta}\lambda<1$
$\lambda\in(0, \lambda_{0})$ , (III.a) $x_{\lambda}$ $C_{\beta}$ . $B_{\beta}$
$B$ $C_{\beta}$ ,






7.1. $A+B$ $6^{-*}(C, p)$ . 6.3 (III)
$A+B$ (I) $C$ $\{S(t)\}$
$\alpha>0,$ $\tau>0,$ $\beta>m(\tau;\alpha)$
(7. 1) $S(t)x= \lim_{narrow\infty}(I-\frac{t}{n}(A^{-*}+B_{\beta}))^{-n}x,$ $t\in[0, \tau],$ $x\in C$
.
[ ] $\alpha>0,$ $\tau>0,$ $\beta>m(\tau;\alpha)$ . 52 ,
$\gamma\geq 0$ , $\zeta\equiv\zeta(\tau, \gamma)>0$ , $2\eta\in(0, \zeta$] ,
(72) $w’(t)=g(w(t))+2\eta$ , $t>0$ ; $w(0)=\gamma$
$[0, \tau]$ $m^{2\eta}(\cdot;\gamma)$ $\eta\downarrow 0$ $m^{2\eta}(\cdot;\alpha)\downarrow m(\cdot;\alpha)$ ( $[0,$ $\tau]$ )
. $\beta>\beta_{0}>m(\tau, \alpha)$ $\beta_{0}$ . $\zeta_{0}=\min\{\zeta(\tau, \alpha), \zeta(\tau, \beta_{0})\}>0$
. $2\eta\in(0, \zeta_{0}$ ] , $[0, \tau]$ $m^{2\eta}(\cdot;\alpha),$ $m^{2\eta}(\cdot;\beta_{0})$ , $m(t;\beta_{0})\leq$
$m^{2\eta}(t;\beta_{0})(\forall t\in[0, \tau])$ $m(\tau;\alpha)\leq m^{2\eta}(\tau;\alpha)<\beta_{0}$ . $m^{2\eta}(\cdot;\beta_{0})$
(7.2) $[0, \tau]$ $0\leq\gamma\leq\beta_{0}$ , $\gamma$
(7.2) $m^{2\eta}(\cdot;\gamma)$ $[0, \tau]$ , $m^{2\eta}(t;\gamma)\leq m^{2\eta}(t;\beta_{0})(\forall\in[0, \tau])$ 1.
$\lambda_{0}=\lambda_{0}(\alpha, \eta)$ $\alpha>0$ $\eta>0$ 6.3 (III) .
$\beta>\beta_{0}+\lambda_{1}[\max_{0\leq\xi\leq\beta_{0}}g(\xi)+\eta]$ ( $=\beta_{1}$ ) $\lambda_{1}\omega_{\beta}<1$ $0<\lambda_{1}<\lambda_{0}$
. $x\in C_{\beta_{0}}$ $\lambda\in(0, \lambda_{1})$ $A^{-*}+B$ $D(A^{-*})\cap C_{\beta}$
(III) $x_{\lambda}$ $C_{\beta_{1}}$ . $\lambda\in(0, \lambda_{1})$
,
$(I-\lambda(A^{-*}+B_{\beta_{1}}))^{-1}$ : $C_{\beta_{\text{ }}}arrow C_{\beta_{1}}$
. $g$ $[0, m^{2\eta}(\tau;\beta_{0})]$ ,
$\exists\delta>0,$ $\forall\xi,$ $\forall\eta\in[0, m^{2\eta}(\tau;\beta_{0})]$ : $|\xi-\eta|\leq\delta\Rightarrow|g(\xi)-g(\eta)|<\eta$ .
$C( \tau, \beta_{0})=\sup\{g(\xi) :0\leq\xi\leq m^{2\eta}(\tau;\beta_{0})\}$ ,
$\forall\xi\in[0, \beta_{0}],$ $\forall s\in[0, \tau]$ : $|m^{2\eta}(s;\xi)-\xi|\leq(C(\tau, \beta_{0})+2\eta)s$ .
$-$) $0\leq s\leq\delta/(C(\tau, \beta_{0})+2\eta)$ $\sup_{0\leq\xi\leq\beta_{0}}|m^{2\eta}(s;\xi)-\xi|\leq\delta$ ,
(7.3) $\forall\xi\in[0, \beta_{0}]$ : $|g(\xi)-g(m^{2\eta}(s;\xi))|<\eta$ .
1 $2\eta$
$m$ $($ ; $\gamma)$
(
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$\tilde{\lambda}=nin\{\delta/(C(\tau, \beta_{0})+2\eta), \lambda_{1}, \tau\}>0$ . $t\in[0, \tau]$ $n$




$=$ $m^{2\eta}( \frac{t}{n}$ ; $p(x))\leq m^{2\eta}(\tau;\alpha)<\beta_{0}$ .
$(I- \frac{t}{n}(A^{-*}+B_{\beta_{1}}))^{-1}x\in C_{\beta_{0}}$ . $1\leq k\leq n$ $k$ ,
$p((I- \frac{t}{n}(A^{*}+B_{\beta_{1}}))^{-k}x)\leq m^{2\eta}(\frac{kt}{n};p(x))\leq m^{2\eta}(\tau;\alpha)<\beta_{0}$ .
$1\leq k\leq n$ , $\beta>\beta_{1}$
$(I- \frac{t}{n}(A^{*}+B_{\beta}))^{-k}x=(I-\frac{t}{n}(A^{*}+B_{\beta_{1}}))^{-k}x\in C_{\beta_{0}}\subseteq C_{\beta}$
. 52 (I) $\{S(t)\}$ . $\blacksquare$
8
(X, $|\cdot|,$ $\leq$ ) Banach , $P=\{x\in X :x\geq 0\}$
. $C$ $\{S(t)\}$ , $x,$ $y\in C,$ $x\leq y$
, $S(t)x\leq S(t)y,$ $t\geq 0$ . $\mathcal{X}=X\cross X$ . $(x, y)\in \mathcal{X}$
$||(x, y)||=||x||+||y||(x, y\in X)$ . $C=\{(x, y)\in \mathcal{X}$ : $x\leq$
$y,$ $x,$ $y\in C$ } . $\{S(t)\}$ $C$ ,
$S(t)(x, y)=(S(t)x, S(t)y),$ $x,$ $y\in X$
$\mathcal{X}$ $\{S(t)\}$ . $\{S(t)\}$
$\{S(t)\}$ $C$
. $p$ : $Xarrow$ [$0$ , oo] $X$ $p\not\equiv\infty$ . , $p((x, y))=$
$\max\{p(x), p(y)\},$ $(x, y)\in \mathcal{X}$ $p$ , $p$ $\mathcal{X}$ proper
. $A+B$ $6^{-*}(C, p)$ .
$\mathcal{T}(t)(x, y)=(T(t)x, T(t)y),$ $(x, y)\in \mathcal{X}$ $\mathcal{X}$ $(C_{0})$ - ,
$A$
$D(A)=D(A)\cross D(A)\subset \mathcal{X}$,





$A^{*}(x^{*}, y^{*})=(A^{*}x^{*}, A^{*}y^{*}),$ $(x^{*}, y^{*})\in D(A^{*})$ .
2. $\mathcal{X}^{}=\overline{D(A^{*})}=X^{}\cross X^{}$ .
3. $A^{*}()=(A^{*}x^{*}, A^{*}y^{*}),$ $\forall(x^{*}, y^{*})\in D(A^{*})$ .
$\mathcal{B}(x)y)=$ ( $Bx$ , By), $(x, y)\in C$ $C$ $\mathcal{X}^{-*}$ - $\mathcal{B}$
, $A+\mathcal{B}$ $6^{-*}(C, p)$ . , 2
$(\mathcal{H}1),$ $(\mathcal{H}2)$ :
$(\mathcal{H}1)C\subset D(p)=\{(x, y)\in \mathcal{X} : p((x, y))<\infty\}$ $\alpha>0$ , $C$
$C_{\alpha}=\{(x, y)\in C : p((x, y))\leq\alpha\}$ , $\mathcal{B}$ $C_{\alpha}$ .
$(Tt2)$ $\alpha>0$ , $A^{-*}+\mathcal{B}$ $D(A^{-*})\cap C_{\alpha}$ $\mathcal{X}^{-*}$
. , $\omega_{\alpha}\in \mathbb{R}$ , $(x_{1}, x_{2}),$ $(y_{1}, y_{2})\in D(A^{-*})\cap C_{\alpha}$
$\lambda>0$ ,
$||(x_{1}, x_{2})-(y_{1}, y_{2})-\lambda[(A^{*}+\mathcal{B})(x_{1}, x_{2})-(A^{*}+\mathcal{B})(y_{1}, y_{2})]||$
$\geq$ $(1-\lambda\omega_{\alpha})\Vert(x_{1}, x_{2})-(y_{1}, y_{2})||$
$(\mathcal{H}1)$ , $(H2)$ . (H2) , $\omega_{\alpha}\in \mathbb{R}$ , $x$ ,
$y\in D(A^{-*})\cap C_{\alpha}$ $\lambda>0$ ,
$||x-y-\lambda[(A^{*}+B)x-(A^{*}+B)y]||\geq(1-\lambda\omega_{\alpha})||x-y||$
. , $(x_{1}, x_{2}),$ $(y_{1}, y_{2})\in D(A^{-*})\cap C_{\alpha}$ $\lambda>0$ ,





$=$ $(1-\lambda\omega_{\alpha})||(x_{1}, x_{2})-(y_{1}, y_{2})||$
81. $A+B$ $6^{-*}(C, p)$ .
:




$(III’)D(A^{-*})\cap C$ $C$ , $\alpha>0$ $\epsilon>0$ , $\lambda_{0}=\lambda_{0}(\alpha, \epsilon)>0$
, $\lambda\in(0, \lambda_{0})$ $\beta\geq\alpha+\lambda[\max_{0\leq\xi\leq\alpha}g(\xi)+\epsilon]$ ,
(III’.a). $R(I-\lambda(A^{-*}+B_{\beta}))\supset C_{\alpha}$ . $B_{\beta}$ $B$ $C_{\beta}$ .
$(III’.b)$ $(I-\lambda(A^{-*}+B_{\beta}))^{-1}$ : $C_{\alpha}arrow C_{\beta}$ , $x\in C_{\alpha}$
$p((I-\lambda(A^{-*}+B_{\beta}))^{-1}x)\leq p(x)+\lambda[g(p(x))+\epsilon]$ .
$(III’.c)$ $(I- \lambda(A^{-*}+B_{\beta}))^{-1}$ : $C_{\alpha}arrow C_{\beta}$ .
[ ] $(I’)\Rightarrow(III’)$ : $(I’)$ ,
(8.1) $S(t)(x, y)= \mathcal{T}(t)(x, y)+(G)-\int_{0}^{t}\mathcal{T}^{*}(t-s)\mathcal{B}S(t)(x, y)ds$ ,
. $m$ ,
(8.2) $p(S(t)(x, y))\leq m(t;p((x, y))),$ $t\geq 0,$ $(x, y)\in C$
. $A+\mathcal{B}$ $6^{-*}(C, p)$
, 6.3
$D(A^{-*})\cap C$ $C$ , $\alpha>0$ $\epsilon>0$ , $\lambda_{0}=\lambda_{0}(\alpha, \epsilon)>0$
, $\lambda\omega_{\beta}<1$ $\lambda\in(0, \lambda_{0})$ $\beta\geq\alpha+\lambda[\max_{0\leq\xi\leq\alpha}g(\xi)$
$+\epsilon]$ ,
(a) $R(I-\lambda(A^{-*}+\mathcal{B}_{\beta}))\supset C_{\alpha}$ . $\mathcal{B}_{\beta}$ $\mathcal{B}$ $C_{\beta}$ .
(b) $(I-\lambda(A^{-*}+\mathcal{B}_{\beta}))^{-1}$ : $C_{\alpha}arrow C_{\beta}$ , $x\in C_{\alpha}$
$p((I-\lambda(A^{*}+\mathcal{B}_{\beta}))^{-1}x)\leq p(x)+\lambda[g(p(x))+\epsilon]$ .
(III’) .
$(III’)\Rightarrow(I’)$ : $(III’)$ $\alpha>0$ , $x\leq y$ $x,$ $y\in C_{\alpha}$ ,




. 6.3 (I $\Pi$ ) $\Rightarrow(II)$ , $D(A^{-*})\cap C$ $C$
(H2) ,
$x= \lim_{narrow\infty}x_{n}$ , $y= \lim_{narrow\infty}y_{n}$
. $D(A^{-*})\cap C$ $C$ . 6.3 ,





$(PDE)_{4}$ $\{\begin{array}{l}u_{i}(t,a)+u_{a}(t,a)+d(a,||u(t,\cdot)||_{L^{1}})u(t,a)=0u(0,a)=\psi(a)u(t,0)=\int 0^{1}\beta(a,||u(t,\cdot)||_{L^{1}})u(t,a)da\end{array}$ $t\geq 0t>0,0<.a<0\leq a\leq 11$
$\beta$ : $[0,1]\cross[0, \infty$ ) $arrow[0, \infty$ ) , $\{\beta(a, \cdot) : 0\leq a\leq 1\}$
Lipschitz . $\beta_{0}=\sup\{\beta(a, \xi) :0\leq a\leq 1,0\leq\xi\}$ ,
$d(\cdot, \cdot)$ : $[0,1]\cross[0, \infty$ ) $arrow[0, \infty$) $d_{0}= \inf\{d(a, \xi) : 0\leq a\leq 1;0\leq\xi\}>0$ ,
, $\{d(a, \cdot):0\leq a\leq 1\}$ Lipschitz .
[6] .












$0\leq a\leq 1$ .






. , $B$ ’ $F$ .
$(PDE),$ $(EE)$ . , $(PDE)_{4}$ ,
$0$ $(PDE)_{1}$ . ,
$(PDE)_{1}$ $Y=C_{0}[0,1]=\{y\in C[0,1] :y(1)=0\}$ . $Y$
, $(EE)_{2}$ . $A_{0}$
$D(A_{0})=C_{0}^{1}[0,1]=\{y\in C^{1}[0,1]:y(1)=y’(1)=0\}$ ; $A_{0}y=y’$ , $y\in D(A_{0})$
. $A_{0}$ .
$[T_{0}(t)\phi](a)=\{\begin{array}{l}\phi(t+a)t\leq 1-a0t>1-a\end{array}$
$(EE)_{2}$ $(EE)_{1}$ , $Y$
. $M[0,1]$ $[0,1]$ Radon , , $C[0,1]$ .
$Y$
$Y^{*}=\{\mu\in M[0,1] : \mu(\{1\})=0\}$ ,
. . $\delta_{1}$ 1
((
$1’$ support Dirac , $Y$ $C[0,1]$
$\delta_{1}$ null space
$Y=\{\delta_{1}\}_{\perp}=\{y\in C[0,1] : \delta_{1}(y)=y(1)=0\}$
.
$Y^{\perp}=\{\mu\in M[0,1] : \langle\mu, y\}=0,$ $\forall y\in Y$ } $=\{\alpha\delta_{1} : \alpha\in \mathbb{R}\}$ .
$Y^{*}\cong C[0,1]^{*}/Y^{\perp}=M[0,1]/Y^{\perp}=M[0,1]/[6_{1}]$ . $\mu\in M[0,1]$ ,
$\mu(\{1\})=0$ , $\alpha\in \mathbb{R}$ ,
$||\mu+\alpha\delta_{1}||$ $=$ $|\mu+\alpha\delta_{1}|([0,1])+|\mu+\alpha\delta_{1}|(\{1\})$
$=$ $|\mu|([0,1))+|\alpha|=||\mu||+|\alpha|\geq||\mu||$
. $|| \mu||=\inf_{\alpha}||\mu+\alpha\delta_{1}||=||[\mu]||$ .
$(T_{0^{*}}(t)\mu)(E)=\mu(E_{t})_{:}$ $E\in \mathcal{B}[0,1]$ .
$’\angle\angle\{-$
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$B[0,1]$ $[0,1]$ Borel , $E_{t}=[0,1]\cap\{s-t :s\in E\}$ .
$A_{0}^{*}$
$D(A_{0}^{*})=$ { $\mu\in M_{AC}[0,1]$ : $h_{\mu}(a)=\nu_{\mu}([0,$ $a)),$ $a\in(0,1]$ , for some $\nu_{\mu}\in Y^{*}$ },
$A_{0}^{*}\mu=-\nu_{\mu}$ for $\mu\in D(A_{0}^{*})$ .
$M_{AC}[0,1]$ $[0,1]$ (Lebesgue $m$ ) Borel





$D(A_{0}^{-})=\{\psi\in AC[0,1] : \psi(0)=0\}$ , $A_{0}^{-}\psi=-\psi’$ for $\psi\in D(A_{0}^{-})$ .
. , $\mu\in D(A_{\overline{0}})$ , $\mu\in D(A_{0}^{*})$ , $\nu_{\mu}\in M_{AC}[0,1]$ ,
$h_{\mu}= \frac{d\mu}{dm}$ ( $=\psi$ ) $\in AC[0, 1]$
$\psi(a)=h_{\mu}(a)=\nu_{\mu}(a)=\nu_{\mu}([0, a))$ . $\nu_{\mu}$ ( )




, $\psi\in AC[0,1],$ $\psi(0)=0$ .
$\mu(A)=\int_{A}\psi(s)ds$ , $\nu_{\mu}(A)=\int_{A}\psi’(s)ds$
, $h_{\mu}(a)= \psi(a)=\psi(a)-\psi(0)=\int_{0}^{a}\psi’(s)ds=\nu_{\mu}([0, a))$ . , $\mu\in D(A_{0}^{*})$ .
, $A_{0}^{*}\mu=-\nu_{\mu}\in M_{AC}[0,1]$ $\mu\in D(A_{\overline{0}})$ . , $L^{1}[0,1]$ Cauchy $(EE)_{2}$
.
, ,
$Y^{*}=L^{\infty}[0,1]$ , $(T_{0}^{*}(t)\phi)(a)=\{0^{(a+t)}\emptyset$ $aaI_{t>}^{t\leq}11$
$D(A_{0}^{*})=\{\phi\in Lip[0,1] : \phi(1)=0\}$ , $A_{0}^{*}\phi=\phi’$ .
2$
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. $Lip[0,1]$ $[0,1]$ Lipschitz . , $\phi\in$
$D(A_{\overline{0}}^{*})(\subseteq L^{\infty}[0,1])$ . $C_{c}^{1}[0,1]=\{\phi\in C^{1}[0,1] : \phi(0)=\phi(1)=0\}$ ,
$\phi\in C_{c}^{1}[0,1]\subseteq D(A_{\overline{0}})\subseteq L^{1}[0,1]$ ,
$\langle A^{*}\phi, \psi\rangle=\langle\phi, A_{0}^{}\psi\rangle=-\langle\phi, \psi’\rangle=-\int_{0}^{1}\phi\psi’ds$ .
$A_{\overline{0}}^{*}\phi\in L^{\infty}[0,1]$ ,
$A_{\overline{0}}^{*}\phi=\phi’$ $a.e$ .
$\phi$ Lipscitz . $\psi\in S(A_{\overline{0}}),$ $\psi(1)\neq 0$
, $\phi\in D(A^{-*})$
$(A_{0}^{*}\phi,$ $\psi\rangle$ $=- \int_{0}^{1}\phi\psi’ds=-[\phi\psi]_{0}^{1}+\int_{0}^{1}\phi’\psi ds=-\phi(1)\psi(1)+\{A_{0}^{*}\phi,$ $\psi\rangle$ .
, $\phi(1)\psi(1)=0,$ $\psi(1)\neq 0$ $\phi(1)=0$ .
$Y^{--}=\overline{D(A_{\overline{0}}^{*})}=Y=C_{0}[0,1]$ $Y$ {To $(t)$ } - ,
$Y^{-}$ $\{T_{0}^{-}(t)\}$ - . $X=Y^{-}(=L^{1}[0,1])$ ,
$T(t)=T_{0}^{-}(t),$ $A=A_{\overline{0}}$ .
, $(PDE)_{2}$ $(PDE)_{3}$ . $C\subset X$
$C=L_{+}^{1}[0,1]=M_{AC}^{+}[0,1]$ . $C$ $\sigma(X, X^{-})$-closed . $C’\subseteq X^{-*}=$
$Y^{--*}=Y^{*}$ $C’=Y_{+^{*}}=\{\mu\in M^{+}[0,1] : \mu(\{1\})=0\}$ . , $C=C’\cap X$
.
$B$ : $Carrow C’$ .
$B \mu=(\int_{0}^{1}\beta(a, ||\mu||)d\mu)\delta_{0}$ .
$||\mu||$ $\mu$ , $\delta_{0}$ support Dirac . $A$ $B$
, $A$ $A^{-*}$ , $A^{-*}+B$ $X$ $A_{1}$ .
,
$D(A_{1})=\{x\in D(A^{*})\cap C:(A^{*}+B)x\in X\}$ , $A_{1}x=A^{*}x+Bx$ for $x\in D(A_{1})$ .
$X$ - $A_{0}=A_{\overline{0}^{-}}$ , $A^{-*}=A_{0}^{*}$ .
$D(A_{I})=\{x\in D(A_{0}^{*})\cap C:(A_{0}^{*}+B)x\in X\}$ , $A_{1}x=A_{0}^{*}x+Bx$ for $x\in D(A_{1})$ .
. $X=L^{1}[0,1]$ ,
$D(A_{1})=\{\psi\in AC[0,1]^{+}$ : $\psi(0)=\int_{0}^{1}\beta(a, ||\psi||_{L^{1}})\psi(a)da\}$ , $A_{1}\psi=-\psi’$ for $\psi\in D(A_{1})$ .
. , $\varphi\in C_{c^{1}}[0,1]\subseteq D(A_{0}),$ $\psi\in D(A_{1})$ ,
$=$ \langle $\varphi,$ $A_{0}^{*}\psi+B\psi$}
$=$ $\{A_{0}\varphi, \psi\}+\{\varphi, B\psi\}$
$=$ $\langle\varphi’,$ $\psi$ } $+ \varphi(0)\int_{0}^{1}\beta(a, ||\psi||_{L^{1}})\psi(a)d\mathfrak{a}$
$=$ \langle $\varphi’,$ $\psi$ }.
$\approx$
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, $A_{1}\psi=$ -\mbox{\boldmath $\psi$}/( ). $\overline{\psi}\in AC[0,1]$ , $\tilde{\psi}=\psi a.e$ .
. $D(A_{1})$ $AC[0,1]$ . $\varphi\in D(A_{0}),$ $\varphi(0)\neq 0$
$\forall\psi\in D(A_{1})$ ,
$\{\varphi,$ $A_{1}\psi\rangle$
$=$ $\langle A_{0}\varphi, \psi\rangle+\{\varphi, B\psi\}$
$=$ $\{\varphi’,$ $\psi\rangle$ $+ \varphi(0)\int_{0}^{1}\beta(a, ||\psi||_{L^{1}})\psi(a)da$
$=$ $\psi(1)\varphi(1)-\psi(0)\varphi(0)+\langle\varphi,$ $A_{1}\psi$ } $+ \varphi(0)\int_{0}^{1}\beta(a, ||\psi||_{L^{1}})\psi(a)da$ .
$\vee\supset$ , $\varphi(0)(\int_{0}^{1}\beta(a, ||\psi||_{L^{1}})\psi(a)da-\psi(0))=0$ . $\varphi(0)\neq 0$
$\psi(0)=\int_{0}^{1}\beta(a, ||\psi||_{L^{1}})\psi(a)da$
. ,
$D(A_{1})\subseteq\{\psi\in AC[0\rangle 1]^{+}$ : $\psi(0)=\int_{0}^{1}\beta(a, ||\psi||_{L^{1}})\psi(\alpha)da\}$




$=$ $- \psi’-\psi(0)\delta_{0}+(\int_{0}^{1}\beta(a, ||\psi||_{L^{1}})\psi(a)da)\delta_{0}$
$=$ $-\psi’\in X^{}=L^{1}[0,1]$ .
, $\psi\in D(A_{1})$ . $(PDE)_{3}$ $(EE)_{2}$
$B$ , $(EE)_{3}$ $X$ , $C$- .
$(PDE)_{3}$ .
, $(PDE)_{4}$ . , $F$ : $Carrow X$
$F\psi=-d(a, ||\psi||_{L^{1}})\psi$ , $\psi\in C$
. $(PDE)_{4}$ $X$ $(EE)_{3}$ $F$ $(EE)_{4}$
. , $(EE)_{4}$ $C$- , $L_{+}^{1}[0,1]$-
$(PDE)_{4}$ .
, $(EE)_{4}$ (mild solution) :
$x\in C$ ,
$S(t)x$ $=$ $T_{0}^{}(t)x+(G)- \int_{0}^{t}T_{0}^{*}(t-s)(B+F)S(s)xds$
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